






URRW￿ IO\￿ ZDV￿ WHVWHG￿￿ ￿ ￿ &RPSDQLRQ￿ SODQWV￿ RI￿ HLWKHU￿
ELUGVIRRW￿WUHIRLO￿￿/RWXV￿FRUQLFXODWXV￿￿￿UHG￿FORYHU￿￿7UL￿
IROLXP￿SUDWHQVH￿￿RU￿\HOORZ￿WUHIRLO￿￿0HGLFDJR￿OXSXOLQD￿￿
ZHUH￿ VRZQ￿ LQWR￿ PRGXOHV￿ WRJHWKHU￿ ZLWK￿ FDODEUHVH￿
￿%UDVVLFD￿ROHUDFHD￿YDU￿,WDOLFD￿￿￿￿7KH￿SUHVHQFH￿RI￿FRP￿
SDQLRQ￿￿SODQWV￿VXEVHTXHQWO\￿UHGXFHG￿FDEEDJH￿URRW￿IO\￿
HJJ￿OD\LQJ￿ E\￿ XS￿ WR￿ ￿￿￿￿ DQG￿ UHGXFHG￿ URRW￿ GDPDJH￿
FRQVLGHUDEO\￿￿&RPSDQLRQ￿SODQW￿VSHFLHV￿ GLG￿QRW￿DIIHFW￿
HJJ￿OD\LQJ￿ LQ￿ WKLV￿ WULDO￿￿ $OWKRXJK￿￿ ILQDQFLDOO\￿￿ WKLV￿
WHFKQLTXH￿FRPSDUHV￿YHU\￿IDYRXUDEO\￿ZLWK￿DQ￿DOWHUQD￿
WLYH￿VWUDWHJ\￿RI￿DSSO\LQJ￿IOHHFH￿￿IXUWKHU￿UHILQHPHQW￿LV￿
QHHGHG￿ WR￿ LPSURYH￿ WKH￿ VXUYLYDO￿ RI￿ FRPSDQLRQ￿ SODQWV￿
RQ￿D￿FRPPHUFLDO￿ILHOG￿VFDOH￿DV￿WKH\￿ZHUH￿SDUWLFXODUO\￿





&DEEDJH￿ URRW￿ IO\￿ ￿’HOLD￿ UDGLFXP￿￿LV￿D￿ VHULRXV￿SHVW￿
ZLWK￿ WKH￿ SRWHQWLDO￿ WR￿ FDXVH￿ ZLGHVSUHDG￿ HFRQRPLF￿
GDPDJH￿WR￿EUDVVLFD￿FURSV￿￿&RDNHU￿DQG￿)LQFK￿￿￿￿￿￿￿￿￿
&XUUHQWO\￿￿WKH￿RQO\￿ FRQWURO￿ PHWKRG￿DYDLODEOH￿WR￿RU￿
JDQLF￿ JURZHUV￿ LV￿ WR￿ FRYHU￿ WKH￿ FURS￿ ZLWK￿ IOHHFH￿ WR￿





,W￿ LV￿ QRZ￿ ZHOO￿ DFFHSWHG￿ WKDW￿ JURZLQJ￿ D￿ FURS￿ ZLWK￿
DQRWKHU￿VSHFLHV￿￿XQGHUVRZLQJ￿￿FRPSDQLRQ￿SODQWLQJ￿￿
LQWHU￿FURSSLQJ￿￿ FDQ￿ GHFUHDVH￿ SHVW￿ LQIHVWDWLRQV￿ VLJ￿
QLILFDQWO\￿ ￿2￿’RQQHOO￿ DQG￿ &RDNHU￿￿ ￿￿￿￿￿￿ )LQFK￿ DQG￿
(GPRQGV￿￿￿￿￿￿￿￿6HQJRQFD￿￿.UDQ]￿HW￿DO￿￿￿￿￿￿￿￿￿)LQFK￿
DQG￿&ROOLHU￿￿￿￿￿￿￿￿SURSRVHG￿WKDW￿WKLV￿LV￿EHFDXVH￿WKH￿


























FDQ￿ UHVXOW￿ LQ￿ \LHOG￿ SHQDOWLHV￿ RI￿ ￿￿￿￿￿￿￿ ￿)LQFK￿ DQG￿




EDJH￿ URRW￿ IO\￿ HJJ￿OD\LQJ￿￿ ZKLOVW￿ EHLQJ￿ DW￿ D￿ ORZ￿












\HOORZ￿ WUHIRLO￿ ￿0HGLFDJR￿ OXSXOLQD￿￿ ￿<7￿￿￿ &DODEUHVH￿
DORQH￿ZDV￿LQFOXGHG￿DV￿D￿FRQWURO￿WUHDWPHQW￿￿
















DURXQG￿ URRWV￿￿￿ PRGHUDWH￿ GDPDJH￿ ￿URRWV￿ VOLJKWO\￿






WHQW￿ ZLWK￿ SHDN￿ HJJ￿OD\LQJ￿ E\￿ VHFRQG￿ JHQHUDWLRQ￿




WR￿ ￿￿￿￿ ￿7DEOH￿ ￿￿￿￿ +RZHYHU￿￿ GLIIHUHQFHV￿ EHWZHHQ￿
FRPSDQLRQ￿ SODQW￿ VSHFLHV￿ ZHUH￿ QRW￿ VWDWLVWLFDOO\￿ VLJ￿
QLILFDQW￿￿
7DEOH￿￿￿￿7RWDO￿QXPEHU￿RI￿HJJV￿ODLG￿SHU￿SODQW￿
&RQWURO￿ %)7￿ 5&￿ <7￿ /6’￿￿S ￿￿￿￿￿￿ )￿SURE￿
￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿
￿
7KH￿UHGXFWLRQ￿LQ￿HJJ￿OD\LQJ￿ZDV￿OHVV￿WKDQ￿WKH￿PD[L￿
PXP￿ UHGXFWLRQ￿ RI￿ ￿￿￿￿ REVHUYHG￿ E\￿ )LQFK￿ HW￿ DO￿
￿￿￿￿￿￿￿ZKHQ￿FDXOLIORZHUV￿ZHUH￿SODQWHG￿ZLWK￿)DW￿KHQ￿







5RRW￿ GDPDJH￿ DVVHVVPHQWV￿ VKRZHG￿ WKDW￿ FRPSDQLRQ￿
SODQWLQJ￿ UHGXFHG￿ WKH￿ VHYHULW\￿ RI￿ FDEEDJH￿ URRW￿ IO\￿
GDPDJH￿￿￿
￿￿WHVW￿￿S￿￿￿￿￿￿￿￿￿7KLV￿ZDV￿FRQVLVWHQW￿ZLWK￿

















FDELOLW\￿ RI￿ WKH￿ WHFKQLTXH￿ ZLWKLQ￿ D￿ FRPPHUFLDO￿ V\V￿
WHP￿￿$W￿5\WRQ￿￿WKH￿\HOORZ￿WUHIRLO￿VKRZHG￿WKH￿SRRUHVW￿
VXUYLYDO￿ UDWH￿￿ DOWKRXJK￿ WKHVH￿ GLIIHUHQFHV￿ ZHUH￿ QRW￿




%)7￿ 5&￿ <7￿ /6’￿￿S ￿￿￿￿￿￿ )￿SURE￿
￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿
E￿￿RQ￿FRPPHUFLDO￿IDUPV￿
)DUP￿ %)7￿ <7￿ 5&￿
+HUHIRUG￿ ￿￿￿ ￿￿ ￿￿￿
/LQFV￿ ￿￿￿ ￿￿ ￿￿
’HYRQ￿ ￿￿ ￿￿ ￿￿
￿
6XUYLYDO￿RQ￿WKH￿ FRPPHUFLDO￿IDUPV￿ZDV￿PXFK￿ORZHU￿
WKDQ￿ DW￿ 5\WRQ￿ ZLWK￿ \HOORZ￿ WUHIRLO￿ DOVR￿ VKRZLQJ￿ WKH￿
ORZHVW￿ UDWH￿ RI￿ VXUYLYDO￿ ￿7DEOH￿ ￿E￿￿￿ 7KH￿ NH\￿ UHDVRQ￿
IRU￿ SRRU￿ VXUYLYDO￿ ZDV￿ WKDW￿ WKH￿ FRPSDQLRQ￿ SODQWV￿
ZHUH￿EXULHG￿E\￿VRLO￿WKDW￿ZDV￿GLVORGJHG￿E\￿VWHHUDJH￿
KRHV￿GXULQJ￿PHFKDQLFDO￿ZHHG￿RSHUDWLRQV￿￿$W￿5\WRQ￿￿















ODERXU￿￿ 3ODQW￿ UDLVHUV￿ SURGXFLQJ￿ PRGXOH￿ VRZQ￿ FRP￿
SDQLRQ￿SODQWV￿KDYH￿UHSRUWHG￿WKDW￿WKH￿LQFUHDVHG￿FRVW￿
LV￿ ￿￿S￿ ￿…￿￿￿￿￿￿ SHU￿ WUD\￿ RI￿ ￿￿￿￿￿ SODQWV￿ FRVWLQJ￿ ￿￿￿
￿…￿￿￿￿￿￿￿￿ $VVXPLQJ￿ D￿ SODQWLQJ￿ GHQVLW\￿ RI￿ ￿￿￿ ￿￿￿￿
SODQWV￿ ￿￿ KD￿￿ WKLV￿ PHWKRG￿ RI￿ FRQWURO￿ FRVWV￿ ￿￿￿￿￿￿
￿…￿￿￿￿￿￿￿KD￿￿ ZKLFK￿ LV￿ FRQVLGHUDEO\￿ FKHDSHU￿ WKDQ￿
DSSO\LQJ￿IOHHFH￿￿
&21&/86,216￿
7KLV￿ SUHOLPLQDU\￿ WULDO￿ GHPRQVWUDWHV￿ WKDW￿ WKH￿ WHFK￿
QLTXH￿RI￿VRZLQJ￿FRPSDQLRQ￿SODQWV￿LQWR￿WKH￿PRGXOHV￿
FRQWDLQLQJ￿ EUDVVLFD￿ SODQWV￿ FDQ￿ UHGXFH￿ GDPDJH￿ E\￿
FDEEDJH￿ URRW￿ IO\￿￿ ,W￿ DOVR￿ DYRLGV￿ WKH￿ SUREOHPV￿ RI￿










































Control BFT YT RC
Companion plant
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Moderate
Slight
No damage
￿